Introduction
Western society is facing a sharp increase in the number of older adults. In the United States of America, the number of inhabitants aged over 60 is projected to rise from 49 850 000 in 2005 (17% of the population) to 107 741 000 (27%) by 2050, and in the Netherlands from 3 146 000 (19% of the population) to 5 291 000 (31%) (United Nations 2006) . This development will be accompanied by an increase in the occurrence of age-related chronic conditions such as osteoarthritis. Since osteoarthritis is the most common reason for total hip arthroplasty, an increase in the demand for total hip arthroplasties can be expected (Kurtz et al 2007) .
Although total hip arthroplasty is considered one of the most successful arthroplasties, with prosthetic survival rates at 10 years exceeding 90%, late failure remains a problem that can result in revision arthroplasty (Clohisy et al 2004) . The outcome after revision arthroplasty is associated with smaller improvements in physical functioning and lower satisfaction compared to primary total hip arthroplasty (Lübbeke et al 2007) . The revision burden, defined as the ratio of revision to the sum of revision arthroplasties and primary total hip arthroplasties, was estimated at 18% between 1990 and 2002 in the USA. In other Western countries, the revision burden has been estimated as between 6% and 18% (Kurtz et al 2005) . In the Netherlands, 1500-1600 revision arthroplasties were performed in 2002, and the expectation is that the number of revisions will increase as the population ages and more primary total hip arthroplasties are performed. In the USA, revision arthroplasties are projected to grow by 137% between 2005 and 2030 (Kurtz et al 2007) .
Until now, orthopaedic surgeons, physiotherapists, and other professionals involved in care after total hip arthroplasty use physician-or therapist-based instruments (eg, Harris Hip Score), self-report disease-specific instruments (eg, Western Ontario and McMaster Universities Osteoarthritis Index [WOMAC] ) and self-report generic instruments (eg, Short Form-36) to determine outcomes. These instruments mainly provide information about the limitations people experience, but not about the level of physical activity. Moreover, the correlation between limitations measured using disease-specific instruments like the WOMAC and physical activity in people after primary total hip arthroplasty is low . Therefore, it can be argued that both limitations and physical activity should be measured to obtain a more complete insight into recovery.
Research into limitations and physical activity after revision hip arthroplasty is sparse (Saleh et al 2003) . To our knowledge, no study has been conducted so far that compares revision arthroplasty with primary total hip arthroplasty postoperatively in terms of these two different outcomes. We hypothesised that revision arthroplasty will not only lead to more limitations compared with primary total hip arthroplasty, but also to a lower level of physical activity. Therefore, the research questions of this study were:
Do people who have had revision arthroplasty report 1.
more limitations and less physical activity than those after primary total hip arthroplasty? Can degree of limitation and physical activity be 2.
predicted by revision hip arthroplasty, after adjustment for age, gender and Charnley classification?
Method Design
A cross-sectional, observational study was undertaken on a retrospective cohort. All individuals who had undergone primary total hip arthroplasty or revision arthroplasty at the University Medical Center Groningen between February 1998 and October 2003 were sent an explanatory letter and a questionnaire in October 2004, ie, at least a year after the operation. If the participant did not respond, a reminder was sent after three weeks.
Participants
Patients were included if they had undergone primary total hip arthroplasty or revision arthroplasty. There were no exclusion criteria except death at the time of follow-up. Demographic characteristics (age, gender) were collected from the questionnaire. Co-morbidity was collected from the medical records using the Charnley classification (Charnley 1972) .
Outcome measures
Limitations were measured using the Dutch-language version of the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) (Bellamy et al 1988 , Roorda et al 2004 . The WOMAC is a widely-used, disease-specific, health-related quality of life questionnaire for measuring outcome after total hip arthroplasty (McConnell et al 2001) . Using a Likert scale, individuals rate themselves on multiple items grouped into three domains: pain (5 items), stiffness (2 items), and physical functioning (17 items). The scores of the subscales make up the total score. In this study, the total score was converted to a 100-point scale, with a higher score representing fewer limitations.
Physical activity was measured using the self-report Short QUestionnaire to ASsess Health-enhancing physical activity (SQUASH) which is a valid and reliable questionnaire for measuring physical activity in adults (Wendel-Vos et al 2003) and older adults after primary total hip arthroplasty . The questions are grouped into activities at work, activities to/from work, household activities, leisure-time activities, and sports activities. With the help of the Ainsworth compendium of physical activities, three intensity categories are used to subdivide activities for adults aged 55 or older: light is 2 to 3 MET (ie, metabolic equivalents of task), moderate is 3 to 5 MET, and 5 MET or more is vigorous (Ainsworth et al 1993) . Activities with a MET value lower than 2 are not included because they are considered to contribute negligibly to habitual activity level. In this study, the outcome was calculated in two ways. Amount of each activity was calculated by multiplying frequency (days/week) by duration (min/day), and then summed to produce total amount of physical activity (min/ wk). Each activity was assigned an intensity score which was multiplied by frequency (days/wk) and duration based on the reported effort (min/day), and then summed to produce total intensity of physical activity (min/wk).
Data analysis
Characteristics of the participants and outcome measures are presented as mean (SD) or number (%) for each group and difference between the groups as mean difference or odds ratios (95% CI). Multiple linear regression analysis (ENTER method) was used to determine whether limitations determined from the WOMAC could be predicted from having primary or revision arthroplasty (coded 0 and 1 respectively) and adjusted a priori for age (years), gender (male 0, female 1), and Charnley classification (Group A 0, Group B or C 1). Next, the same analyses were conducted for total amount of physical activity a week and the total intensity of physical activity as determined with the SQUASH. A p value < 0.05 was considered to be statistically significant. 
Results

Flow of participants through the study
Of the included participants with a primary (n = 371) or revision total hip arthroplasty (n = 134), 273 (74%) participants with a primary and 91 (68%) with a revision total hip arthroplasty returned the questionnaire. Twentyseven (7%) participants after primary total hip arthroplasty and 16 (12%) after revision arthroplasty responded by phone or mail but did not fill in the questionnaire, and 71 (19%) participants after primary and 27 (21%) participants after revision arthroplasty did not respond at all (Figure 1 ). Nonresponders were no different in terms of age, gender, and Charnley classification from responders.
Baseline characteristics are shown in Table 1 . Mean age in the primary total hip arthroplasty group was 63 years, and 61% were female. The revision arthroplasty group was on average 7 years (95% CI 4 to 10) older than the primary total hip arthroplasty group; 67% were female. About twothirds of the participants were classified as Charnley Group
A. There was no difference in mean time since arthroplasty between the two groups.
Limitations and physical activity
Limitations and physical activity for each group and the difference between groups are presented in Table 2 . The revision arthroplasty group reported 12% (95% CI 7 to 17) more limitations than the primary total hip arthroplasty group. There was a lower score for each category (pain, stiffness, physical functioning) for the revision arthroplasty group. The revision arthroplasty group reported 394 min/ wk (95% CI 88 to 701) less physical activity in total and 1153 min/wk (95% CI 66 to 2241) less intensity of physical activity in total than the primary total hip arthroplasty group. However, there were no significant differences for household activities, commuter walking/cycling, sports, or leisure-time activities. 20 (22) 56 (21) OR 1.1 (0.6 to 1.9) Charnley Group C, n (%) 10 (11) 24 (9) OR 1.3 (0.6 to 2.8)
Charnley Group A = involvement of only one hip and no other condition interfering with physical activity; Charnley Group B = involvement of both hips but the rest of the body normal, therefore ability to be physically active; Charnley Group C = some condition, such as rheumatoid arthritis or hemiplegia, contributing to failure to achieve normal locomotion; THA = total hip arthroplasty. 
Prediction of limitations and physical activity
Linear regression analysis was performed to determine whether limitations were predicted by revision hip arthroplasty. The regression coefficient for being in the revision group was -12.1 (95% CI -17.1 to -7.0). This was the same as the regression coefficient for being in the revision group of -12.1 (95% CI -17.2 to -7.1) when age, gender, and Charnley group were added to the prediction equation, suggesting that these additional predictors did not confound the relation between group and limitation (Box 1). Revision group, age, gender, and Charnley group accounted for 9% of the variance in limitations.
Box 1. Mean (95% CI) regression coefficients of predictors and prediction equation from the multivariate analysis and accuracy of prediction for limitations determined from total WOMAC score (n = 361). Linear regression analysis was also performed to determine whether total amount of physical activity was predicted by revision hip arthroplasty. The regression coefficient for being in the revision group was -394.3 (95% CI -701.1 to -87.5). The regression coefficient for being in the revision group of -121.2 (95% CI -408.0 to 165.7) was no longer significant when age, gender, and Charnley group were added to the prediction equation, suggesting that these additional predictors did not confound the relation between group and limitation (Box 2). Revision group, age, gender, and Charnley group accounted for 18% of the variance in total amount of physical activity.
Regression coefficients of predictors
Finally, linear regression analysis was performed to determine whether total intensity of physical activity was predicted by revision hip arthroplasty. The regression coefficient for being in the revision group was -1153.7 (95% CI -2241.1 to -66.3). The regression coefficient for being in the revision group of -912.8 (95% CI -1989.1 to 163.6) was no longer significant when age, gender, and Charnley group were added to the prediction equation, suggesting that these additional predictors did not confound the relation between group and limitation (Box 3). Revision group, age, gender and Charnley group accounted for 9% of the variance in total intensity of physical activity.
Box 2. Mean (95% CI) regression coefficients of predictors and prediction equation from the multivariate analysis and accuracy of prediction for total amount of physical activity determined from SQUASH (n = 361). Accuracy of prediction equation
Box 3. Mean (95% CI) regression coefficients of predictors and prediction equation from the multivariate analysis and accuracy of prediction for total intensity of physical activity determined from SQUASH (n = 361). = 6645.44 (4280.34 to 9010.53) Revision group = -912.76 (-1989.11 
Constant
Discussion
From this cross-sectional study it can be concluded that although people report more limitations (total WOMAC score) after revision arthroplasty than after primary arthroplasty, this does not result in a significant decrease in physical activity. Although people with a revision arthroplasty reported less total physical activity than those with a primary total hip arthroplasty, to a large extent caused by 'activity at work and school', adjusting for age, gender, and Charnley group resulted in a difference that was not significant.
Information about outcome after revision arthroplasty is sparse (Saleh et al 2003) , and to our knowledge no research has been conducted into physical activity behaviour after revision arthroplasty. Most studies measure outcome using self-report questionnaires such as the WOMAC. The WOMAC measures perceived limitations in performing ADL activities, yet experiencing limitations may not be the same as executing physical activities. A previous study indicated that revision arthroplasty is associated with smaller improvements and less satisfaction compared with primary total hip arthroplasty (Lübbeke et al 2007) . Our results, though obtained using a cross-sectional design, appear to support this notion. From the results on the WOMAC it can be concluded that having a revision or a primary total hip arthroplasty results in more limitations. After revision arthroplasty, people scored 12 points worse on the WOMAC than after primary arthroplasty. This can be considered not only statistically-significant but also clinically-significant (Angst et al 2001) . On the other hand, when it comes to physical activity, revision arthroplasty does not affect physical activity when adjusted for age, gender, and Charnley group.
There are some limitations to this study. First, the data were gathered retrospectively. For example, Charnley classification reflects the preoperative status and not the postoperative status at the time the participants filled in the questionnaire. Also, due to the retrospective nature of the study no information was available with respect to other aspects of co-morbidity (eg, cardiovascular and respiratory diseases). Moreover, this retrospectivity may also have reduced the accuracy of scoring the Charnley classification from the medical record. Second, the SQUASH is a selfreport instrument. A disadvantage of self-report instruments is that, in general, people tend to overestimate their physical activity (Sallis and Saelens 2000) . An alternative is to use objective outcome measures like step counters or accelerometers, although they are more expensive and logistically more difficult to administer on a large scale. However, it would be interesting to see if the results of this study could be replicated with such an objective measure.
Insight into the recovery of people after revision arthroplasty is a relevant topic as societies age, and becomes even more important with the current trend of primary total hip arthroplasties being performed on people at an everyounger age. This trend will eventually lead to an increase in revision arthroplasties (Kurtz et al 2007) . The findings of this study suggest that after revision arthroplasty people have more limitations than those after primary total hip arthroplasty but are equally physically active after adjusting for age, gender, and Charnley group. n Ethics: The Medical Ethics Board of University Medical Center Groningen judged this study to be 'not medical research' under the Medical Research Involving Human Subjects Act (in Dutch WMO). Informed consent was considered to be gained when participants returned the questionnaire.
